Introduction
The determination of the axial forces and corresponding stresses in truss members is important to ascertain the structural capacity of existing trusses. Lightweight iron and steel truss structures are in use in many constructions, including historic monuments. For example, the iron roof trusses of the State Hermitage Museum in St. Petersburg are greatly revealing ensembles from early days of the European iron construction [1], thanks to a wide variety of structural prototypes and details. The assessment methods require the respect of the original structure and practicability.
In cases of degradation, presence of damages or change in the intended use, safety evaluation of existing trusses is necessary. The estimation of the axial forces in truss structures can be made by means of static calculations, if precise information about parameters such as external loads and joint connections are given. However, limitations often exist in acquiring accurate information or making reasonable assumptions about the uncertain input parameters. Therefore, inverse methods have been applied. In inverse methods, the unknown input parameters, e.g. the load and joint stiffness, are to be determined based on the output parameters of the static and/or dynamic responses of the structures.
Over the past decades, researchers have been exploiting many procedures for the non-destructive inverse identification of the axial forces in structural members. The methods can be categorized according to different types of civil engineering structures, i.e. columns, cables, tie-rods and trusses, or depending whether static, mixed staticdynamic or purely dynamic approaches are applied [2] . Regarding axially loaded members as part of a truss structure, selected relevant work are [3] [4] [5] [6] [7] [8] . While these work all use dynamic-based methods, their approaches can be divided into two directions, (i) finite element (FE) modeling coupled with model updating techniques, which concern the multiple axial force identification of a global truss-type structure ([3-4] , [8] ); and (ii) analytical-based algorithm that estimates the axial force of a single bar with unknown boundary conditions, assuming as member of a structure [5] [6] [7] . For clarity and considering the above-mentioned approaches, global analysis is referred in the present work as analysis of a whole truss structure, while local analysis is associated with analysis of single truss members.
The shortcoming of the methods by [3] [4] is that by using sensitivity-based techniques, the results are highly dependent on the assumptions of a start point for iteration leading to convergence. In addition, difficulties in modelling joints were noted. The analytical-based algorithms suggested by [5] [6] [7] , even though they offer a simplified analysis procedure of a single structural member, have the disadvantage that the identified force is subject to small errors of the input parameters. Moreover, the method for single beams do not apply straightforwardly to a truss structure, as an accurate global model of the structure cannot be obtained for predicting the structural responses under alternative loading arrangements. Recently, a methodology developed by [8] uses the FE models and optimization strategies, in particular a genetic algorithm. It demonstrates the advantages of non-dependence of initial values of the target parameters and achievement of multiple member axial forces of global truss-like structures. Nevertheless, the phenomenon related to the coexistence of tensile and compressive forces in trusses with countering effects on the modal parameters has not been investigated. 
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member of the truss, a beam model with translational and rotational springs is considered in Fig. 1(b) . Regarding the modeling of joints, as the joint rigidity affects the dynamic behavior of a structure considerably [8] , an accurate numerical model of a truss should take into account the uncertain joint stiffness. Assuming the cases of small moments and deflections of truss connections and excluding the effects of slip and friction, linear elastic rotational springs are used to account for the uncertain joint stiffness. Each joint of the five-bar truss is modeled with a rotational spring. For practical assessment of different joint flexibility, it is beneficial to introduce a fixity factor of the joint stiffness [11] . The fixity factor / (3 )
takes values from zero to one corresponding to pinned to rigid condition, where kri is the rotational spring stiffness at i end of a member, EI is the flexural stiffness and L is the member length.
Regarding the effects of the axial forces on the dynamic properties, the influence can be clearly realized in the case of a tie-bar [12] [13] . For truss structures, multiple load patterns are existent. When the load is increased, tensile forces increase the frequencies of the tension members; whereas at the same time, compressive forces reduce the frequencies of the members under compression. This phenomenon causes variation of natural frequencies and interchange of modes. Furthermore, truss structures can possess closely-spaced in-plane and out-of-plane modes. Therefore, an enhanced modal assurance criterion (EMAC) proposed by [14] is adopted for the mode pairing, in which desired clusters of degrees-of-freedom can be selected to address the issues of closely-spaced modes and interchange of modes.
Numerical verification
Three case studies were considered. The five-bar truss was modelled by the FE method based on Timoshenko beam theory. The material properties are assumed as the Young's modulus of 205000 N/mm 2 , mass density of 7850 kg/m 3 and the Poison's ratio of 0.30. The unknowns are the applied load P and the stiffness of the rotational springs. The load P were chosen to result in the axial stresses of approximately 25, 100, and 175 N/mm 2 in the first truss member (Table 1) . The rotational spring stiffness were randomly chosen that represent different constraint flexibility (Table 2) . 
